1. Background {#sec141978}
=============

Microbial enzymes have had tremendous industrial applications for decades. Pectic substances form the major components of middle lamella and primary plant cell wall. Pectic substances consist of protopectins, pectinic acids, pectins and pectic acids. The main chain of pectin is a partially methyl esterified 1, 4-D-galacturonan. Demethylated pectin is known as pectic acid (pectate) or polygalacturonic acid. Pectin serves as line of defense against pathogens. Phytopathogens contain large quantities of pectinase, especially Polygalacturonase (PG), which facilitates invasion in plant tissue by degrading pectin. These phytopathogens are mostly fungus and are competent producers of PG and help in plant biomass recycling ([@A28594R1]). Pectinases are being used largely in industrial processes, especially in the food industry and textile industry, and their demand is being constantly increased ([@A28594R2]). Pectinases are a heterogeneous group of enzymes that contribute to 10% of the overall enzyme production and almost 25% of food enzyme throughout the world ([@A28594R3]).

Fungal enzymes are not stable at high temperatures, considering that intracellular harvesting is difficult and pasteurization is required to inhibit the growth of mesophilic contaminants ([@A28594R4]). Due to the relatively low temperature stability of the fungal enzyme, maceration is carried out at temperatures below 45°C. To inhibit the growth of mesophilic microbes, pasteurization is an essential step of maceration ([@A28594R4]). Fungus PG showed best activity at acidic pH and bacterial PG is required when enzyme activity required at neutral pH ([@A28594R5]). Keeping in mind the easy harvesting, low cost, high production and activity of PG at wide pH ranges, environmental bacteria are commonly screened for PG.

2. Objectives {#sec141979}
=============

The current study aimed to isolate potent PG-producing strains of *Bacillus* and *Pseudomonas*, isolated from plant-based waste material and to correlate PG production with molecular markers.

3. Materials and Methods {#sec141986}
========================

3.1. Isolation and Purification of Bacterial Isolates {#sec141980}
-----------------------------------------------------

The surface of rotten fruits and vegetables was washed thoroughly with tap water, sterilized by using 70% ethanol. One-gram samples of different fruits and vegetables were pooled and homogenized in sterile water to prepare a 1% final concentration. Three serial dilutions (10^-1^, 10^-2^ and 10^-3^) of pulp were made in autoclaved water and 50 µL of each dilution was spread on plates containing N-broth media and MacConkey agar. After incubation at 37°C for 24 hours, colonies of different morphological characteristics were purified by repeated streaking. Pure cultures were maintained for enzyme studies and identification as 30% glycerol stock at -20°C.

3.2. Preliminary Screening and Identification of Pectinase-Producing Bacterial Strains {#sec141981}
--------------------------------------------------------------------------------------

Qualitative determination of pectinase activity was done by inoculating the N-broth medium with bacterial strains followed by incubation at 37°C in a shaking incubator (150 rpm). After 24 hours of incubation, 100 µL of each starter culture with adjusted optical density of 0.1 at 600 nm was inoculated in 5 mL of N-broth media in all test tubes and incubated under the same conditions as above. One milliliter of the overnight culture was centrifuged at 12,000 rpm for 15 minutes to separate the cell mass and the supernatant. Plates containing minimal salt medium supplemented with 0.2% pectin were prepared ([@A28594R6]). Wells were made in each petri plate under aseptic conditions as shown in [Figure 1](#fig26909){ref-type="fig"} ; 50 µL of the supernatant was added to each well and allowed to diffuse in the medium. The plates were incubated at 37°C for 18 - 24 hours. After incubation, iodine solution ([@A28594R7]) was flooded over the plates to detect the zone of inhibition. Morphological and biochemical characterization of the selected bacterial strains was based on the potential of pectinolytic activity.

![Pectinase Activity of Various Bacterial Strains](jjm-09-01-28594-g001){#fig26909}

3.3. Enzyme Assay {#sec141982}
-----------------

Polygalacturonase activity of selected bacteria was determined by the colorimetric method using polygalacturonic acid as a substrate of PG and 3-5-dinitrosalicylic acid (DNS) to quantify liberated reducing sugars ([@A28594R8]). The reaction mixture containing 1 mL of culture filtrate, 1 mL of 0.9% polygalacturonic acid in 0.1 M of sodium acetate buffer (pH 4.5) was incubated at 45°C. After 30 minutes of incubation, 1.5 mL of DNS solution was added and the mixture was boiled at 100°C for ten minutes. Optical density at 530 nm was measured after cooling the mixture. Controls were run with culture medium. Finally, concentrations of enzyme units were quantified by comparing the optical density with the standard curve of galacturonic acid.

3.4. DNA Extraction and Amplification of 16S rRNA {#sec141983}
-------------------------------------------------

Genomic DNA was extracted from competent strains of *Bacillus* and *Pseudomonas* by the Cetyltrimethylammonium Bromide (CTAB) method ([@A28594R9]). Amplification of 16 S rRNA gene of competent strains was done by following the procedure reported by Muyzer et al. ([@A28594R10]). Amplified products were sent to the centre for advance molecular biology (CAMB), University of the Punjab, Lahore for sequencing. The obtained sequenced data was blast on national center for biotechnology information (NCBI) and submitted to Bankit for Accession numbers.

3.5. Genetic Diversity of Selected Pectinolytic Bacterial Strains {#sec141984}
-----------------------------------------------------------------

Genetic diversity of PG-producing strains was determined by DNA finger printing. Six simple sequence repeats (SSR), (GACA)~4~, (GTG)~5~, (GATA)~4~, (CA)~8~, (GGAT)~4~ and (CAA)~5~, were used for PCR amplification. Annealing temperature of all the primers was determined using a gradient PCR reaction. Annealing temperature was 42°C, 48°C and 42°C for (GACA)~4~, (GTG)~5~ and (GATA)~4~, respectively. The remaining primers failed to amplify the target DNA. Polymerase Chain Reaction amplification was performed in a 50 µL reaction mixture containing genomic DNA (100 ng), 25 pmol SSR primer (10 µL), 10X PCR buffer (5 µL), 25 mM MgCl~2~ (3 µL), 250 mM dNTPs mixture (4 µL) and 5 units of Taq DNA polymerase (0.5 µL) in a total volume of 50 µL.

The amplification was programmed in a thermocycler (Bioer xp cycler, China) as follows: preheating for one minute at 95°C (initial denaturation), 35 cycles each for 20 seconds at 95°C (denaturation), 25 seconds at the annealing temperature (calculated according to the melting temperature (Tm) of each primer), and 20 seconds at 72°C (extension) and a final extension at 72°C for two minutes. Amplification products were separated by gel electrophoresis and photographed fingerprints were transferred to a binary character matrix (one for presence and zero for absence of a band at a particular position). Molecular weights were calculated by comparing the motifs with a standard molecular weight marker (Thermo scientific Cat. \# SM 0311, USA). A dendrogram based on the matrix was constructed by cluster analysis with the minitab3 software.

3.6. Statistical Analysis {#sec141985}
-------------------------

Each experiment was performed twice, consisting of three replicates. The data was subjected to the Analysis of Variance (ANOVA) test. The means of treatments were grouped by 0.05 probability level on the basis of Duncan's multiple range test. Graphs were prepared using the Excel Spread Sheet and dendrograms were constructed using Minitab® 3.

4. Results {#sec141991}
==========

A total of 110 bacterial strains were isolated from different rotten fruit and vegetable samples.

4.1. Preliminary Screening of Pectinase-Producing bacTeria {#sec141987}
----------------------------------------------------------

Qualitative assay for pectinase activity by the plate method ([@A28594R11]) was adopted from preliminary screening of a total of 110 bacterial strains isolated from different fruit and vegetable samples. In the plate method, pectin was present in the culture media as a sole source of carbohydrate and the pectinase activity of the culture medium was determined by the zone of inhibition around the wells. Diameters of the zones were measures in millimeters. Out of 110 strains, 54 were selected for further studies on the basis of pectinase production. The negative control showed no zone of inhibition, which indicated the validity of the results. Competent bacterial strains were identified using culture characteristics, staining reactions and biochemical tests (Catalase, Coagulase, Oxidase, API 20E etc.), following Clinical and Laboratory Standards Institute (CLSI) (2008) guidelines ([@A28594R12]). Only *Bacillus* and *Pseudomonas* were selected for further studies. For further studies, a total of 22 strains including 17 *Bacillus* and eight *Pseudomonas* strains were selected out of 54.

4.2. Quantitative detection of PG in Selected Bacterial Strains {#sec141988}
---------------------------------------------------------------

The production of PG by the selective strains of *Bacillus* and *Pseudomonas* was quantitatively determined by the DNS method and enzyme activity for each strain of *Bacillus* and *Pseudomonas* was calculated by using the standard curve of galacturonic acid. One unit of activity was defined as the amount that released 1 µM of galacturonic acid per minute under standard assay conditions. Some strains of *Bacillus* and *Pseudomonas* produced ≥ 4.0 U/µL, which were considered excellent producers of PG whereas others showed variable levels of activity.

Correlative coefficience between zone of inhibition and enzyme concentration ([Figure 2](#fig26910){ref-type="fig"}), depanding upon their isolation source, was also determined. Amomg *Bacillus* strains, ZS-39 and ZS-40 isolated from apple and mango, gave 36-mm and 38-mm zones of inhibition, and produced 4.4 ± 0.1 U/µL PG, respectively. Among *Pseuodomonas* strains ([Figure 2B](#fig26910){ref-type="fig"}), ZS-45 isolated from orange showed maximum zone of inhibition (39 mm) and PG production (4.4 ± 0.1 U/µL) as compared to other *Pseudomonas* species.

![Correlation Between (b/w) Zone of Inhibition and Polygalacturonase Concentration of Selected Strains: A, *Bacillus*; B, *Pseudomonas*](jjm-09-01-28594-i001){#fig26910}

4.3. 16S rRNA Gene Sequencing {#sec141989}
-----------------------------

All competent strains selected on the basis of polygalacturinase production were characterised as *Bacillus* and *Pseudomonas* species and assigned accession numbers by NCBI. The dendrogram based on 16S rRNA gene sequence comparison showed a relationship between members of Pseudpmonas and *Bacillus*.

4.4. Genetic Diversity by Microsatellite DNA Fingerprinting {#sec141990}
-----------------------------------------------------------

Genetic diversity using SSR has great advantages because of high amounts of polymorphism and presence in both coding and non-coding regions of the genome. In this study, fingerprinting of competant strains of *Bacillus* and *Pseudomonas* was done by a simple PCR technique using six sets of simple sequence repeats. Among these sets only three gave reproducible results (GACA)~4~, (GTG)~5~ and (GATA)~4~. Other simple repeats, which did not show any amplification, were (CA)~8~, (GGAT)~4~ and (CAA)~5~. polymorphism among selected strains of *Bacillus* and *Pseudomonas* was observed, and a dendrogram was constructed using Minitab 3.

![Genetic Diversity in *Bacillus* Using Simple Sequence Repeats\
Gel Electrophoresis and Dendrogram Constructed Using DNA Banding Pattern in Gel Electrophoresis; A and B, (GTG)~5~; C and D, (GATA)~4~; E and F, (GACA)~4~. ZS-7, *Bacillus* *vallismortis*; ZS-13, *B. pumilus*; ZS-16, *B. cereus*; ZS-22, *B. cereus*; ZS-54 *B. subtilis*; ZS-32, *B. subtilis*; ZS-33, *B. thuringiensis*; ZS-34, *B. subtilis*; ZS-35, *B. subtilis*; ZS-39, *B. cereus*; ZS-40, *B. vallismortis*; ZS-42, *B. species*; ZS-44, *B. vallismortis*; ZS-51, *B. pumilus*.](jjm-09-01-28594-i002){#fig26911}

![Genetic Diversity in *Pseudomonas* Species Using Single Sequence Repeats\
Gel electrophoresis and dendrogram constructed using DNA banding pattern in gel electrophoresis. A and B, (GTG)~5~, C and D, (GATA)~4~ and E and F, (GACA)~4~; ZS-23, *Pseudomonas* *aeruginosa*; ZS-24, *P. aeruginosa*; ZS-26, *P. aeruginosa*; ZS-38, *P. psychrotolerans*; ZS-45, *P. aeruginosa*; ZS-46, *P. aeruginosa*; ZS-48, *P. taetrolens*; ZS-50, *P. aeruginosa*.](jjm-09-01-28594-i003){#fig26912}

5. Discussion {#sec141992}
=============

Pectinases have been used in several industrial processes, such as fruit juice extraction, paper industry, textile processing and bioscouring of cotton fibers, retting and degumming of plant fiber, waste water treatment, coffee and tea fermentation, animal feed, purification of plant viruses, oil extraction, beverages, and wines etc. ([@A28594R2], [@A28594R13], [@A28594R14]). Microorganisms including *Bacillus*, *Pseudomonas*, *Erwinia*, *Kluyveromyces*, *Aspergillus*, *Rhizopus*, *Trichoderma*, *Penicillium*, and *Fusarium* are competent producers of pectinases. Use of pathogens in industrial processes is not recommended so phytopathogens are being discouraged for this purpose. Mutagenic microorganisms are also discouraged due to biosafety measures. Fungi are mostly used for industrial applications, yet slow growth is the main limiting factor of fungi. For this reason, bacteria are being screened for PG production. Bacteria are easy to grow and bacterial enzymes are easy to harvest and stable, while working conditions are normal environmental conditions. Research is being conducted throughout world to screen for competent strains of bacteria for PG production. In Pakistan, little work is done on pectinase-producing microorganisms, especially bacteria. This study aimed to isolate environment friendly pectinase-producing microorganisms (*Bacillus* and *Pseudomonas*).

Among bacteria, *Bacillus* has been reported to produce PG ([@A28594R15]). Polygalacturonase production by *B. vallismortis* (JQ990307) was similar to *Bacillus* spp. P 4.3 by submerged fermentation ([@A28594R5]). In the current study, fourteen strains of *Bacillus* and eight strains of *Pseudomonas* were found competent for PG production. Molecular characterization of PG-producing strains was done by 16S rRNA sequencing. *Bacillus* *vallismortis* (ZS-40) isolated from mango produced maximum concentrations of PG, 4.4 U/µL. Orange contains good amounts of pectin (0.5% - 3.5%) and bacteria isolated from orange produced good amounts of enzyme ([@A28594R16]). *Pseudomonas* *aeruginosa* (ZS-45), isolated from orange produced maximum enzyme activity, 4.4 U/µL. Polygalacturonase production by Enterobacter aerogenes NBO~2~ (18.54 U/mL) ([@A28594R17]) was much less compared to *Bacillus* and *Pseudomonas* (4.4 U/µL each). Zeni et al. ([@A28594R18]) reported the same results for PG production by various species of *Bacillus* from agro-industrial waste.

On the basis of (GACA)~4~, *Bacillus* *thuringiensis* (ZS-33), *B. vallismortis* (ZS-40) and *Bacillus* *cereus* (ZS-39) having enzyme concentration ≥ 4.0 U/µl were 70% similar to each other. In case of *Pseudomonas*, ZS-45 and ZS-26 (P. aeruginosa) were the most competent producers of PG were 100%, 85% and 80% similar to each other on the basis of (GACA)~4~, (GTG)~5~ and (GATA)~4~ respectively. Fingerprinting may be used as a molecular tool for the preliminary screening of PG producers before evaluating PG production by the plate and DNS methods. From this study, we concluded that environmental bacteria also produced excellent amounts of PG. These microorganisms are environmental friendly, don't have fastidious nutritional requirements and are easy to grow and handle. It is easy to harvest PG than fungus as it is an extracellular product in bacterial culture. DNA motifs (GACA)~4~ are directly related to PG production in *Bacillus* and *Pseudomonas*.
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